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ABSTRACT 
Liking” and “wanting” are viewed as two disparate facets of reward. Incentive 
salience or “wanting” for rewards and reward related stimuli has received a lot of 
research attention in studies of drug addiction. In experiments using animal subjects, 
incentive salience attribution is often queried using the sign- tracking (ST) / goal- 
tracking (GT) paradigm. A large body of literature supports the view that sign- tracking, a 
behavioral phenotype of enhanced incentive salience attribution, is associated with 
“wanting” or increased motivation to obtain a drug. However, few studies using this 
paradigm have explored a possible overlap of how sign-tracking may relate to “liking”. 
This is likely due to the known dissociable nature between “liking” and “wanting”.  The 
primary aim of the present study was to examine “wanting” in response to natural 
reinforcers and extend research to the field of appetite.  The study also enabled the 
exploration of a possible association between sign- tracking and “liking”. Another 
objective of this research was to investigate the role of incentive salience attribution in 
obesity as it is of interest to explore factors that may perpetuate the condition. Prior 
evidence in the literature suggests that obese individuals also display enhanced incentive 
salience attribution to food and food related cues.  Thus, the present study sought to 
observe how the obese state affects incentive attribution using the sign-tracking/ goal-
tracking model.  
In the context of incentive salience and “liking”, it was hypothesized that there 
would be no differences between sign-trackers and goal- trackers in a measure of 
palatability. However, it was hypothesized that sign- trackers would display more 
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“wanting” than goal – trackers in tests of meal patterns.  To test these hypotheses, 26 
Sprague-Dawley rats (13 ST, 13 GT) were classified for their Pavlovian approach 
propensity and then underwent 18 hr meal pattern sessions for 5 days to measure 
“wanting”. The test solution in these sessions was 10% flavored maltodextrin (MD). 
Following this, rats underwent four total lick-microstructure sessions to measure “liking” 
in which they received two sessions of 10% flavored MD and two sessions of 10% 
sucrose. No differences were found between ST and GT in their “wanting” for 10% MD 
(mean number of meals, t (24) =.137, p = .892; mean number of licks per meal, t (24) 
=.526, p = .604). Yet, ST showed greater palatability responses, licks per cluster, to 10% 
sucrose as compared to goal-trackers (t (24) = 2.570, p= .017). However, no difference in 
palatability responses to MD were seen between the groups (t (24) = 1.402, p= .174).  
Additionally, it was hypothesized that obese rats put on a high fat- high sugar 
(HFHS) diet would display more sign-tracking or “approach” behaviors as opposed to 
goal-tracking behaviors. To test this hypothesis, 58 rats were either placed on a control (n 
= 28) or a HFHS (n = 30) diet for approximately 18 weeks so that the effects of diet-
induced obesity on incentive salience attribution could be observed. Rats were then 
classified for their Pavlovian approach propensity.  Obese rats on a HFHS diet were less 
likely to display sign-tracking behaviors as compared to rats on a control diet (probability 
to lever touch, t (51.35) =1.883, p = .065); total lever touches, t (35.48), p = .023); lever 
touch latency, t (49.92) = 2.243, p = .029).  
Together these results, reviewed in context with studies from other researchers, 
suggest that although it is possible that a sign-tracking propensity may precede the obese 
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state, it evident that the obese state is not characterized by sign-tracking. Thus —as this 
research arose from the drug addiction literature— it is probable that, like in drug 
addiction, the factors that precipitate obesity are not the same factors that maintain it.
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INTRODUCTION 
Components of reward: “liking” and “wanting” 
By definition, a positive reinforcer is something that increases the likelihood that 
a given behavior is repeated (Premack, 1959). For example, an individual may seek a 
drug to experience an altered state of consciousness or feelings of pleasure. The 
individual may become psychologically and/or physically dependent on the substance, a 
positive reinforcer, which may result in escalation of use. The individual may also need 
to take more of this drug over time to experience the same state due to the development 
of tolerance. A period of abstinence from the drug may initiate withdrawal symptoms 
causing the individual to once again seek the drug. However, the drug is now being 
sought after to remove a negative state as opposed to being taken to induce a positive 
one. This phenomenon is sometimes referred to as the positive reinforcement paradox 
(Robinson & Berridge, 1993). The positive reinforcement paradox is a prime example of 
how liking and wanting for a rewarding substance can be dissociable. That is, a 
reinforcing substance or stimulus may no longer produce subjective feelings of pleasure; 
however, it can still be desired by the organism. Therefore, the substance is “wanted” 
simply to palliate withdrawal symptoms instead of “wanted” because the organism finds 
it to be pleasurable. Thus, although we often like the things we want, this is not always 
the case.   
A study conducted by Wyvell and Berridge (2000) demonstrated that liking and 
wanting for food can be separable. This study used a pure conditioned incentive paradigm 
to examine the effect of amphetamine on both liking and wanting for sucrose. In this 
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paradigm, rats were first trained to press a lever for sucrose pellets. Following this, they 
learned the Pavlovian association between a light cue and sucrose pellets. During testing, 
rats received intra-accumbal microinjections of a given dose of either saline or 
amphetamine. The light was presented at intervals throughout the session; however, 
pressing the lever did not result in the delivery of sucrose pellets. Results showed that the 
amphetamine microinjection increased pressing of the lever, previously associated with 
the delivery of sucrose pellets, during presentations of the light cue. Despite the lever 
being inactive, rats pressed the lever in response to the cue. Thus, an increase in pressing 
is interpreted as a greater “wanting” for sucrose as they were not actually receiving the 
reward. Using taste reactivity measures, results showed that amphetamine did not 
increase sucrose “liking” at the same dosages that increased sucrose “wanting.” Authors 
concluded that dopamine in the nucleus accumbens enables incentive stimuli to produce 
“wanting” in the absence of “liking”. These results provide empirical evidence that 
“wanting” can occur in the absence of “liking”. 
“Liking” 
“Liking” most often refers to the psychological and neurobiological events 
associated with the subjective experience of pleasure (Berridge et al., 2009). The extent 
to which rewards are liked can be influenced by internal thought processes, i.e. 
perception, expectation, etc. Therefore, immediate reactions to a rewarding stimulus may 
be the best indication of the subjective experience of pleasure, especially in non-human 
organisms (Berridge et al., 2009).  Immediate reactions are examined because they can be 
measured behaviorally and are thought to occur prior to the conscious experience of 
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pleasure or “liking” (Berridge et al., 2009).  Taste reactivity experiments using affective 
facial expressions are one way to measure the implicit subjective valence of ingested 
substances. In non-human animals, prescribed amounts of a given tastant are delivered by 
the experimenter via an orally implanted catheter and the number of affective responses 
are recorded during a brief window of time (Berridge, 1996). Affective facial expressions 
are homologous in human infants, primates and even mice. In response to sweet tastes, 
organisms engage in lip licking and rhythmic tongue protrusions which are “positive” 
facial expressions. Conversely, bitter taste elicits “negative” facial expressions (Berridge, 
2000).  However, the analysis of taste reactivity is controversial and many scientists 
disagree with the objectivity of the measure. Dwyer (2012) suggests that the generality of 
this procedure is limited due to the fact that taste reactivity analyses are typically 
restricted to a snippet of consumption for a given tastant and only provides a “snapshot” 
of the overall hedonic reaction to tastants. Further, because reactions can essentially only 
be classified as appetitive or aversive, taste reactivity analyses lead to mostly qualitative 
distinctions. 
On the other hand, the microstructural analysis of ingestive behavior is viewed as 
an objective means to quantify palatability or “liking” (Dwyer, 2012). Rodents generally 
consume fluids in sustained rhythmic licks separated by pauses that vary in length. 
During these sessions, computer software records lick patterns and licking rate with 
millisecond resolution (Davis & Smith, 1992). Figure 1 shows a schematic of licking 
from a rat consuming a liquid diet (Davis & Smith, 1992). Individual lines in the figure 
correspond to singular licks which are separated by a pause referred to as the inter-lick 
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interval (ILI). A collection of licks with an ILI greater than 250 ms is called a burst 
whereas licks with ILIs greater than 500ms are referred to as clusters (Davis & Smith, 
1992). Cluster number is often interpreted as reflection of the substance’s satiating 
potency whereas the amount of licks per cluster or cluster size is perceived as a measure 
of “liking”. Cluster size differs from total consumption in that organisms consume most 
when solutions are of a moderate concentration. Conversely, the number of lick per 
cluster only increases with the concentration of the solution (Davis, 1989).  Further, 
Davis and Levine (1977) revealed that cluster size was directly correlated to the 
concentration and type of the solution the organism consumed.  Cluster size displayed a 
positive relationship with palatable solutions like maltose and sucrose and decreased with 
increasing concentrations of bitter solutions such as quinine (Davis & Levine, 1977).  
Thus, considering that bigger lick cluster sizes are associated with solutions viewed as 
palatable and smaller lick cluster sizes are associated with solutions viewed as less 
palatable or aversive, this suggests that cluster size can be taken as an indication of 
palatability (Dwyer, 2012). 
Further, cluster size is also the parameter of lick microstructure that consistently 
changes in response to experimental manipulations that expectedly shift liking. For 
example, studies conducted in humans reveal that inducing conditioned taste aversion can 
alter the palatability response for a substance (Logue et al., 1981).  Conditioned taste 
aversion is a type of Pavlovian conditioning that results when a novel, preferred or 
neutral flavor becomes devalued due to pairing with something inherently aversive, i.e. 
gastric malaise. Dwyer (2009) conducted a study in which rats in the experimental group 
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received a single pairing of fructose with lithium chloride, an aversive substance known 
to cause negative post-ingestive consequences. Control rats experienced unpaired 
exposure to fructose and lithium chloride.  Subsequent exposure to fructose in the 
absence of lithium chloride resulted in a reduction in both cluster size and total 
consumption for the experimental group but not the control group. Thus, because cluster 
size is almost exclusively changed by experimental manipulations that are known to 
influence the affective nature of substances, cluster size is viewed as indication of the 
hedonic response to a solution. 
  
Figure 1: Schematic of lick-microstructure.  
“Wanting” / Incentive Salience 
Appetite can be controlled by external cues in the environment, in addition to 
internal metabolic signals. Food related cues possess the ability to increase total 
consumption along with the desire to eat food in many organisms. Weingarten (1983) 
demonstrated a phenomenon known as cue potentiated eating in rats. This study showed 
that the presentation of an auditory cue paired with food, during a deprived state, still had 
the ability to stimulate feeding on its own when rats were sated. Cornell et al. (1989) also 
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conducted a study in which satiated participants who expressed no desire to eat, have 
their desire reinstated when simply presented with a palatable food source such as pizza 
or ice-cream. Although the sight of pizza or ice-cream may not be inherently rewarding, 
as these foods are simply a collection of colors and shapes like any other objects in our 
environment, the observation of these foods still has the ability to gain control over 
behavior. This is because, pizza and ice-cream have been previously associated with 
reward (positive post-ingestive consequences) and have by association become “wanted” 
or acquired “incentive salience” (Yager & Robinson, 2010). Incentive salience has the 
ability to convert simple sensory information about rewards into attractive and desired 
motivational cues (Flagel et al., 2008). 
 Incentive salience is the ability for environmental stimuli to activate motivational 
states and is often attributed to stimuli that are associated with reward. Subsequently, 
such stimuli are treated as biologically significant and become targets of attention and/or 
motivation. Meyer et al. (2012) define incentive stimuli as having three hallmark 
properties. First is the ability of these stimuli to attract and draw attention. This 
phenomenon will further be referred to as an attentional bias. In most cases, this 
attentional bias is accompanied by an approach bias in which the organism increases its 
proximity to the stimulus. Second, is that this reward-associated stimulus or cue becomes 
“wanted” and organisms will work harder to obtain such cues as they have become 
secondary reinforcers. Lastly, these incentive cues then acquire the ability to cause 
organisms to seek out the actual reward itself. The incentive- sensitization model posits 
that rewarding substances alter the mesolimbic dopamine system in a way that enables 
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reward-related stimuli to activate motivational states (Robinson & Berridge, 1993). 
According to Castellanos et al. (2009), this change in motivational state serves to draw 
attention to events that predict reward.   
The study of incentive salience has gained the most momentum in the field of 
drug addiction. Drug addiction researchers have investigated the role of incentive stimuli 
and their ability to induce relapse to drug- seeking behavior. Kruzich et al. (2001) 
examined the ability of a cue paired with cocaine to reinstate drug- seeking after a period 
of abstinence. Rats were first trained to lever press for infusions of cocaine under one of 
two conditions: during presence or in the absence of a light/tone compound cue. After 
extinction sessions, a period during which the lever was inactive (pressing did not result 
in drug delivery), all rats underwent test sessions in which the cue was presented in a 
response-independent manner to measure cocaine-seeking behavior. The results 
demonstrated that presentations of the cue only significantly increased pressing on the 
inactive lever in rats that learned to associate it with cocaine self-administration. 
Researchers have demonstrated that drug paraphernalia, along with people and places 
associated with drug use can serves as cues that can promote addiction (Tomie, 1996). 
Thus, because some individuals may be more sensitive to reward related cues, they may 
be at a greater risk for drug relapse (Robinson & Berridge, 1993). 
That is, individual differences exist in the way organisms attribute incentive 
salience to environmental stimuli (Meyer et al., 2012). Animal models provide a 
controlled way to study this phenomenon through the direct manipulation of genetic, 
physiological and environmental factors. These models also allow researchers to gain a 
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greater understanding of psychological and biological processes associated with incentive 
salience. A model that explores differences in individual sensitivities to incentive salience 
is the sign-tracking/ goal-tracking paradigm. Because both the attentional and approach 
component of incentive salience is demonstrated by sign-trackers, some researchers view 
this paradigm as an all-encompassing animal model of incentive salience.  
Sign-tracking/goal-tracking experiments involve the insertion of a retractable 
lever, the conditioned stimulus, for a brief period of time. The appearance of the lever is 
associated with the subsequent delivery of the unconditioned stimulus - a palatable food 
pellet. Rats learn that this contingency is response independent. In some organisms, this 
invokes a Pavlovian conditioned response to the conditioned stimulus. That is, the 
primary distinction between sign-trackers and goal-trackers lies in this conditioned 
response. When the conditioned stimulus is presented, sign-trackers approach the 
conditioned stimulus and attempt to “consume” it as if it has become the object of reward 
whereas goal-trackers treat the conditioned stimulus as a signal for the unconditioned 
stimulus and approach the area where the unconditioned stimulus is to be delivered 
(Flagel et al., 2007). This conditioned response is presumably mediated by the extent to 
which the conditioned stimulus acquires incentive salience (Flagel et al., 2009).  
Robinson and Flagel (2009) posited that a conditioned stimulus is only imbued 
with incentive salience in sign-trackers. This hypothesis was tested under the assumption 
that if the conditioned stimulus itself acquired incentive salience in sign-trackers, then 
other properties of an incentive stimulus, such as its ability to act as a conditioned 
reinforcer would also be evident only in sign-trackers. Robinson and Flagel (2009) state 
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that a fundamental property of an incentive stimulus is its ability to reinforce the learning 
of new actions (conditioned reinforcement). Thus, rats underwent the sign-tracking goal-
tracking paradigm to determine their phenotype. After Pavlovian conditioning, rats 
experienced a test for conditioned reinforcement. During these experiments, the 
retractable lever, previous associated with food during conditioning, was located in the 
middle of the operant chamber wall with two nose poke ports, one on each side of the 
lever. Nose pokes into the “active” port resulted in the insertion of the lever into the 
chamber while nose pokes into the other port, “inactive”, had no consequences.  Results 
showed that sign-trackers made significantly more nose pokes into the active port as 
compared to goal-trackers. Robinson and Flagel (2009) showed that differences between 
sign-trackers and goal-trackers are not attributable to differences in the ability to learn as 
both phenotypes exhibited a conditioned response to the cue (GT approach location of 
food; ST approach cue). When this was explicitly tested, authors found no differences in 
instrumental learning between the groups. Thus, these researchers credited the ability of 
the lever to act as a conditioned reinforcer for sign–trackers to the fact that sign-trackers 
place incentive salience attribution on the conditioned stimulus. Thus, sign- tracking is 
seen as a behavior associated with enhanced incentive salience attribution to reward 
related cues. 
Individual differences in sign- tracking and goal- tracking have been attributed to 
differences in mesolimbic dopamine signaling. In situ hybridization revealed that sign-
trackers have lower levels of D2 family dopamine receptors than goal-trackers. This 
depression of receptors is thought to correspond to the enhanced sensitivity to rewards 
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and reward-related cues displayed by the sign-tracking phenotype (Flagel et al. 2007).  
Sign -tracking has also been associated with greater incentive motivation or “wanting” 
for rewards and related cues. Thus, when used as an experimental procedure to assess 
behavior, the sign-tracking/goal-tracking model is often applied in studies that examine 
incentive motivation or “wanting” for a reward related cue (Tomie et al., 2008). For 
example, Saunders and Robinson (2011) investigated whether internal cues generated by 
cocaine could elicit greater cocaine seeking behavior. To examine this, rats’ were 
classified as sign-trackers or goal-trackers and their “wanting” for cocaine was assessed 
by performance on a progressive ratio schedule. Progressive ratio experiments require 
organisms to perform a set number of operant responses in order to receive a reinforcer 
(Stewart, 1975). After each reinforcer is delivered, the number of required responses 
needed to obtain the next reinforcer increases.  The number of responses required 
increases in increments set by the experimenter until the organism ceases to emit 
responses. The point at which responding stops is called the breakpoint and is related to 
how motivated the organism is to receive the reward. It is the general view that more 
reinforcing rewards produce higher break points and the interpretation is that organisms 
are more motivated to obtain them (Stewart, 1975). Thus, results of the Saunders and 
Robinson (2011) study indicate that sign-trackers had higher breakpoints, or were willing 
to work harder for cocaine, as compared to goal-trackers. Many other studies have used 
progressive ratio testing to quantify “wanting” for rewards and support the notion that 
sign-tracking is associated with greater incentive motivation for both interoceptive and 
discrete localizable cues (Robinson et al., 2014). 
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Quantifying “wanting” in Appetite  
Finlayson et al. (2007) states that “wanting” can be quantified by any measure 
requiring the organism to interact with its environment in the pursuit of a known reward. 
Thus, because meal pattern experiments involve voluntary consumption, they were used 
in the present study as a novel method to measure “wanting” in appetite. Meal Pattern 
measures for liquid stimuli can provide a detailed description of various measures of 
drinking bouts including, timing, length, and frequency which can ultimately provide 
information about total consumption (Glendinning & Smith, 1994). Meal data are 
typically collected for drinking behavior using a specialized apparatus, containing a test 
chamber and bottle attachments. Stainless steel sipper tubes on bottles are connected to 
electronic circuitry and a computer, which allow for the automatized collection of meal 
pattern data.  In order to analyze meal data, a criterion for the defining a meal is set by 
the experimenters. A meal is often defined as a continuous period of drinking that is not 
interrupted by a pause of longer than 5 min. Further, the parameters of interest are 
typically licks per meal (meal size) and number of meals (Tietelbaum & Campbell, 
1958). Glendinning and Smith (1994) revealed through the analyses of meal pattern data 
that individual variation in bout number and total intake exist between Sprague-Dawley 
rats; however, these parameters remain consistent with-in subjects. Therefore, because 
meal patterns are sensitive to individual differences, it is possible that individual 
differences in the propensity for sign-tracking or goal-tracking could influence this 
behavioral measurement. Further, Clifton and Cooper (1991) demonstrated using the 
selective D2 receptor antagonists YM-09151-2, remoxipride, and raclopride that D2 
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dopmaine receptors play a role in feeding and particularly mediate meal initiation and 
termination. Therefore, because sign-trackers and goal-trackers display differences in D2 
dopamine receptor densities (Flagel et al., 2007), it is hypothesized that differences in 
consumption could be noted through the examination of meal patterns. Thus, the present 
study this procedure in conjunction with the sign-tracking/ goal-tracking paradigm as a 
novel measure of “wanting” in the examination appetite. 
Lick-microstructure and Incentive Salience 
Although sign-tracking has been strongly linked to “wanting”, the present study 
allowed for the examination of a possible link between sign- tracking and liking. 
Robinson et al. (2015) conducted a studying using taste-reactivity measures in which 
orofacial reactions to infusions of 1%, 3%, and 9 % sucrose were evaluated both before 
and after rats were placed on a junk-food diet. Results indicate that rats later classified as 
JF-gainers and JF-non-gainers both exhibited positive hedonic responses before exposure 
to the obesogenic diet. Rats later classified as JF-gainers initially displayed both sign-
tracking and goal-tracking behaviors, meaning that both sign-trackers and goal-trackers 
showed a liking for sucrose. However, drug research in humans suggests that individuals 
with decreased levels of D2 family dopamine receptors report a greater liking for drugs. 
Volkow et al. (2002) conducted a study in humans subjects in which brain dopamine D2 
receptor levels were measured with PET and raclopride to assess “drug-liking” to 
intravenous methylphenidate. Results revealed that participants with the lowest receptor 
levels reported the higher ratings of “drug-liking”. This is interesting because, as 
previously mentioned, Flagel et al. (2007) showed that that sign-trackers also have lower 
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levels of D2 family dopamine receptors. Thus, it is possible that sign-trackers may have a 
greater liking for sucrose along with other palatable foods and this may be detected using 
a more sensitive measure of liking such as lick-microstructure.  
Further, research shows that microstructural analysis of licking can be affected by 
manipulating D2 family dopamine receptor signaling. Schneider et al. (1990) used sham 
feeding to show that raclopride decreased sucrose intake by decreasing “liking” for 
sucrose rather than decreasing the ability to lick. Sham feeding involves the implantation 
of a gastric fistula which allows for ingested fluids to drain immediately from the 
stomach was and was used so that postingestive effects of nutrients did not impact intake 
(Schneider et al., 1990). Results of the study showed that D2 dopamaine antagonism had 
little effect on licking rate or efficiency but decreased lick cluster size which is associated 
with the hedonic processing of palatable stimuli consumed orally. Schneider et al. (1990) 
concluded that D2 family dopamine receptors mediate the positive reinforcing potency of 
orosensory stimuli. Thus, because of differences in receptor densities between sign-
trackers and goal-trackers (Flagel et al., 2007), it is plausible that differences may be seen 
in the analysis of their lick-microstructure as well. Additionally, Galistu et al. (2011) 
showed that D2 dopamine antagonism by haloperidol decreased licks or bout size which 
is interpreted as a decrease in liking (“reward evaluation”), whereas clozapine, which 
may have selective D1 antagonistic function (Josselyn et al. (1997), did not effect lick 
number. Taken together, these studies suggest that manipulating D2 dopamine receptor 
signaling can affect parameters of lick microstructure thought to be associated with 
“liking”.  
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Incentive Salience and Obesity 
Obesity rates have risen steadily over the last decade and have recently reached 
epidemic proportions (Wright & Aronne, 2012).  Reasons for this dramatic increase are 
unknown but are likely to involve a complex interaction of a multitude of factors. A 
possible contributor may be changes in the modern food environment that promote 
increased consumption of palatable foods (Berthoud et al, 2011). Kanarek and Orther-
Gambell (1982) demonstrated how the increased intake of palatable foods can lead to the 
development of diet-induced obesity. Sprague-Dawley rats were put on a diet that 
consisted of standard chow and one of three sources of sugar: 32% glucose, fructose, and 
sucrose, ate significantly more calories, and weighed more than rats given only standard 
chow. However, Levin et al. (1997) demonstrated that rats vary in their propensity to 
develop diet induced obesity. Some rats fed a high-energy diet, consisting of 50% 
sucrose, gain similar weight to rats fed a control diet and are referred to as diet resistant. 
However, although changes in the modern food environment may contribute to greater 
food intake and weight gain in most individuals, the fact that not everyone gains weight 
under these conditions suggests that this explanation is incomplete. Thus, it is plausible 
that preexisting differences make some individuals more susceptible to changes in the 
food environment and the development of obesity. Therefore, a fundamental question is 
what these differences might be (Berthoud et al, 2011).  
Robinson et al. (2015) conducted a study that suggests that attributing incentive 
salience to food-related cues and food-associated locations may be a pre-existing risk 
factor for obesity. Rats underwent a modified version of sign-tracking/ goal-tracking 
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paradigm. During training, the conditioned stimulus (CS) associated with the 
unconditioned stimulus (US), referred to as the CS+, was the presentation of an 
illuminated retractable lever accompanied by an auditory tone. This CS was paired with 
the response-independent delivery of a sucrose pellet (US). A non-illuminated control 
lever , referred to as the CS- as no reward was presented with this conditioned stimulus 
remained inserted into the operant box during the entire session. Rats learned that the 
CS+ was a reliable predictor of impending food reward. Rats were classified as sign-
trackers and goal-trackers on the basis of lever contacts and food trough entries during 
CS presentation, respectively.  Following training, all rats were given ad lib access to a 
“junk-food” (JF) diet for one month to determine individual susceptibility (JF- gainer) 
and individual resistance (JF-non –gainer) to diet induced obesity. The junk-food diet 
was a mash consisting of Ruffles potato chips, Jif smooth peanut butter, Nesquick 
powdered chocolate flavoring, Chips Ahoy chocolate chip cookies, powdered Lab Diet 
and water.  Results of the study showed that rats that were more likely to gain weight on 
the junk food diet (JF-Gainers) displayed more sign-tracking and goal-tracking behaviors 
prior to weight gain. These rats showed greater cue-induced approach for both reward 
related stimuli and the location where the reward is delivered.  
Conversely, Harb et al. (2014) conducted an experiment where calorie restricted 
mice experienced a modified version of the Pavlovian conditioning paradigm. The CS in 
this study was a 10 sec flash of white light. Immediately after the CS presentation, a 
liquid reward of either low-fat or high- fat cream was dispensed into the food trough. 
Conditioned responses were analyzed over the course of three days and rats who 
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displayed a minimum of 65% approaches to the CS were classified as sign-trackers 
whereas rats that made less than 20% approaches were classified as goal-trackers. Both 
sign-trackers and goal-trackers given a premixed, no choice, high-fat diet during a 3 
month period showed body mass increases that did not significantly differ from one 
another. Thus, authors state that sign-tracking and goal- tracking propensities do not 
necessarily lead to over-eating on a high-fat diet or obesity proneness. However, this 
finding may be attributed to the fact that rats given a no choice diet often decreased their 
caloric intake to compensate for weight gain. Rats initially over-consume but this is 
followed by a reduction of intake after a few days, whereas rats given a high-fat/high 
sugar (HFHS) choice diet remain hyperphagic (Van de Giessen et al., 2012). A HFHS 
choice diet results in maximal caloric intake and allows for the manifestation of various 
endo-phenotypes of obesity.  La Fleur et al. (2014) revealed that the choice element in the 
diet reflects important features of human overconsumption, i.e., enables snacking in 
between meals and serves as a realistic model of diet-induced obesity.  
Overall, there are few studies that have examined how incentive salience 
attribution relates to intake of palatable foods. Discordant data in the literature exists 
about the contribution of incentive salience attribution as a pre-existing risk factor for the 
propensity to develop obesity. Thus, experiments in the present study can be taken 
together to shed light on this topic and provide additional insight to this literature. While 
elucidating pre-existing differences that contribute to obesity is interesting, the 
examination of factors that may perpetuate the obese state is important as well. It is no 
secret that losing weight is difficult for many individuals and it is possible that incentive 
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salience for reward related cues may actually play a role in maintaining the obese state. 
This is posited because research suggests that obese and lean individuals differ in their 
response to reward-related cues. Wansink et al. (2007) revealed that normal-weight 
people report that they are more likely to be influenced by internal cues of meal 
cessation, i.e. feeling “full”, while overweight people indicate that they are more likely to 
be “external eaters” or individuals influenced to eat by external food cues. Additionally, 
Carnell and Wardle (2008) showed that higher body mass index (BMI) is associated with 
lower satiety responsiveness and higher food cue responsiveness in children. Further, 
Yokum and Stice (2011) conducted an fMRI study in which they used an attention 
network task involving food and neutral stimuli to examined attentional bias in girls 
ranging from lean to obese. Results of this study showed that BMI correlated positively 
for activation of brain regions associated with attention and food reward. Similarly, 
Castellanos et al. (2009) also showed obese individuals maintained an increased visual 
attention for food cue images that persisted regardless of physiological state. Thus, a 
review of the human literature suggests that incentive salience to food related cues is 
altered in overweight and obese individuals. Thus, the present study used an animal 
model of incentive salience, the sign-tracking/ goal tracking paradigm, as a way to shed 
further light on how obesity affects incentive salience attribution. 
Hypotheses and Predictions  
In the context of incentive salience and “liking”, it was hypothesized that 
differences between sign-trackers and goal-trackers would not be seen in a measure of 
palatability. This was predicted because of the strong link between the sign-tracking 
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phenotype and incentive motivation. It was also hypothesized that sign- trackers would 
display more “wanting” than goal-trackers in tests of meal patterns. The solution 
consumed during meal pattern sessions was intentionally flavored with extract to give it 
an odor. The odor was intended to serve as a salient cue that could be detected from a 
distance. The expectation was that the odor would serve as a cue for attention/approach to 
the solution, which might lead it to become more “wanted” by sign-trackers. It was 
expected that this “wanting” would be expressed by greater total intake or the initiation of 
more meals. Additionally, it was hypothesized that rats given ad lib access to a HFHS 
choice diet would display more sign-tracking or “approach” behaviors as opposed to 
goal-tracking behaviors.  
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METHODS 
Protocol 
 All protocols and procedures were carried out in accordance with the rules and 
regulations of the Institutional Animal Care and Use Committee at Bucknell University. 
Lick boxes 
Lick-microstructure and meal pattern sessions were carried out in mesh wire bottom 
cages with plastic lids. Each cage had a 2 bottle apparatus attached and was hooked up to 
computer software that collected lick data.  
Operant conditioning chambers for sign-tracking/ goal-tracking sessions 
Four standard Coulbourn Instruments Modular Test Cage Systems were used for 
Pavlovian training. Each chamber had a stainless steel grid floor and a food magazine 
located at the centerline. A LED light was mounted on a touch-sensitive retractable lever 
that flanked the right side of the food magazine. A red house light was located on the 
chamber ceiling and remained on through each training session. Operation of a pellet 
dispenser delivered a 45-mg banana flavored pellet (BioServ, #F0059, Frenchtown, NJ, 
USA) into the food magazine. Operant chambers were located inside light attenuating 
enclosures. Operant chambers were hooked up to a Dell computer running ABET II 
Standard software (Layfayette Instruments, IN). 
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Sign-tracking/ Goal-tracking  
Purpose:  
The sign-tracking/ goal- tracking procedure was used to assess a rat’s propensity 
to approach a food-associated cue (sign-tracking behavior) or to approach the place 
where food is delivered (goal-tracking behavior). As previously discussed, the sign-
tracking paradigm is an animal model of “wanting” or enhanced incentive salience to 
reward-related cues. In order to examine “wanting” in response to natural reinforcers and 
to investigate the role of incentive salience attribution in obesity, it was first necessary to 
classify rats as sign-trackers or goal-trackers.  
Procedure: 
Rats received one day of home cage familiarization to banana-flavored pellets 
before magazine training began. Magazine training lasted two days, one 30 min session 
per day, during which rats were placed in operant chambers and 20 banana pellets were 
delivered into the food trough in 90 sec intervals. Following this, auto-shaping occurred, 
in the same boxes, during which rats learned to associate the conditioned stimulus (CS) 
with the response-independent delivery of the unconditioned stimulus (US) into the food 
magazine. 
The sessions involved repeated presentations of the CS, a retractable lever 
connected to an LED light, which extended into the operant box for 8 sec.  Following 
each presentation of the CS, a response independent delivery of the US, a banana pellet, 
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occurred. During the sessions, number and timing of lever contacts (sign-tracking 
response) as well as number and timing of head entries into the food cup during CS 
presentation (goal-tracking response) were recorded. During each session, 25- 37.5 min 
in duration, presentations of 25 CS- US pairings were made with a 30-90 sec inter-trial 
interval (ITI). Rats were classified as either sign-trackers or goal-trackers by calculating a 
Pavlovian Conditioned Approach (PCA) score. PCA scores are an index that averages the 
probability, frequency, and latency of lever presses (sign-tracking) and food cup entries 
(goal-tracking) during presentations of the conditioned stimulus. The PCA scores range 
from −1.0 which is indicative of “absolute goal-tracking” to +1.0 which is indicative of 
“absolute sign-tracking”, with 0 representing no specific inclination to do either (Meyer 
et al., 2012).   
Incentive Salience-“Liking” and “Wanting” (Study 1) 
Purpose:   
The purpose of this study was to examine how differences in incentive salience 
attribution effects “wanting” for natural reinforcers. This study also enabled the 
exploration of a possible association between sign- tracking and “liking”. To examine 
“wanting”, rats underwent the sign-tracking/ goal-tracking procedure and underwent meal 
pattern sessions. The number of meals initiated and meal size (number of licks/per meal) 
were recorded.  To examine the possible association between sign-tracking and “liking”, 
rats underwent the sign-tracking/ goal-tracking procedure and then underwent 30- min 
lick microstructure sessions to examine their palatability responses. 
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Procedure: 
Fourty Sprague-Dawley rats were housed in pairs under standard temperature 
controlled (68 º C) and humidity controlled (58%) conditions on a 12 hr light-dark cycle. 
Rats were classified as sign-trackers or goal-trackers via Pavlovian Conditioned 
Approach (PCA) score as described above. Twenty of the rats experienced 7 days of 
auto-shaping sessions while the remaining twenty rats received 5 days of training. 
Twenty-three rats were classified as sign-trackers while 17 rats were classified as goal-
trackers. However, only rats with PCA scores in the top and bottom thirds of the 
distribution were used for data analysis (n= 26; 13 ST, 13 GT).  Rats were placed in lick 
boxes for 18 hr over-night sessions to collect meal pattern data over the course of 5 days. 
Rats received one session every other day with a night of ad lib chow access between 
tests. During these sessions, rats received ad libitum access to a 10% flavored 
maltodextrin solution during the 18 hr period while licks were monitored with one-
minute resolution. The solution was flavored with 2 ml/0.5 L of 10% maltodextrin of 
Watkins Brand Imitation Coconut Extract and 2 ml/0.5 L of 10% maltodextrin of 
Watkins Brand Imitation Almond Extract. The data were examined to extract number of 
meals and meal size.  Lick microstructure sessions were 30 min in duration and 
commenced at the start of the 12 hr dark period. Rats each experienced two sessions with 
10% sucrose and two sessions with 10% maltodextrin. Each rat underwent 4 days total of 
lick-microstructure sessions. Lick-microstructure sessions were staggered due to 
limitations on time and number of lick boxes and rats received the sucrose or 
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maltodetxtrin in counterbalanced order. Licks per cluster (cluster size) and cluster 
number were both measured during lick- microstructure sessions. 
Incentive Salience in Diet-Induced Obesity (Study 2) 
Purpose:  
The purpose of this study was to investigate the role of incentive salience 
attribution in obesity. This study examined the effect of the obese state on incentive 
salience attribution. Rats were placed on an obesogenic or control diet and then 
underwent the sign-tracking/goal-tracking procedure.  
Procedure: 
Fifty-eight male Sprague-Dawley rats (bred in our lab), approximately 4 mo old, 
were used for this experiment. Rats were also housed in pairs under standard temperature 
controlled (68 º C) and humidity controlled (58%) conditions. Rats were kept on a 12 hr 
light-dark cycle and all behavioral tests were conducted during daylight hours. Rats were 
randomly assigned to the experimental diet conditions. Control (con) rats, n=28, had ad 
libitum access to water and standard rodent diet.  In addition to receiving the control diet, 
high-fat/ high-sugar (HFHS) rats, n=30, were also given ad lib access to lard (Armour, 
ConAgra Foods) and a 30% sucrose solution (Pure Cane Sugar, Great Value) for 
approximately 18 weeks. Rats then experienced the sign-tracking/ goal-tracking 
procedure for 8 days and then PCA scores were calculated. 
Data analysis 
Independent sample t-tests were the primary analysis used for most of the data in 
the present research. In select cases, the Welch–Satterthwaite test was referred to as it 
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corrects for violations of both the homogeneity of variance assumption and the normality 
assumption, especially in experiments with groups of relatively equal size (Howell, 
2013). An Independent samples Kolmogorov- Smirnov Test was also used to determine 
whether the distribution of PCA scores between groups was significant. 
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RESULTS 
Study 1 
 
Figure 2: Palatability responses or “liking” for 10 % Sucrose between sign-trackers 
(ST) and goal-trackers (GT).  
Independent sample t-test indicates that sign-trackers had significantly more licks per 
cluster while consuming 10 % sucrose during 30 min lick-microstructure sessions as 
compared to goal-trackers, t (24) = 2.570, p= .017. These data are interpreted as sign-
trackers showing greater palatability responses or “liking” for 10% sucrose as compared 
to goal-trackers. 
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Figure 3: Palatability responses or “liking” for 10 % Maltodextrin between sign-
trackers (ST) and goal-trackers (GT).  
Independent sample t-test indicates that licker per cluster between sign-trackers and goal-
trackers did not differ significantly for 10 % maltodextrin during 30 min lick-
microstructure sessions, t (24) = 1.402, p= .174. These data are interpreted as no 
differences in palatability responses or liking for 10% maltodextrin between sign-trackers 
and goal-trackers.  
 
Figure 4: Cluster number interpreted as perceived satiating potency of 10 % Sucrose 
between sign-trackers (ST) and goal-trackers (GT) 
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Independent sample t-test indicates that the number of lick clusters while consuming 10 
% sucrose during 30 min lick-microstructure sessions did not differ between sign-trackers 
and goal-trackers, t (24) = .769, p= .450. These data indicate that the perceived satiating 
potency for 10% sucrose did not differ between phenotypes and suggests that differences 
seen in palatability responses or “liking” for 10 % sucrose were not influenced by this 
variable. 
 
Figure 5: Cluster number interpreted as perceived satiating potency of 10 % 
Maltodextrin between sign-trackers (ST) and goal-trackers (GT) 
Independent sample t-test indicates that the number of lick clusters while consuming 10 
% maltodextrin during 30 min lick-microstructure sessions did not differ between sign-
trackers and goal-trackers, t (24) = .388, p= .701. These data indicate that the perceived 
satiating potency for 10 % maltodextrin did not differ between phenotypes and suggests 
that the lack of differences seen in palatability responses or “liking” was not influenced 
by this variable. 
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Figure 6: Total number of meals averaged across the last three days of meal pattern 
sessions for both sign-trackers (ST) and goal-trackers (GT).  
The number of meals initiated during the 18 hr meal pattern sessions were averaged over 
three days for each group and there was no significant difference in number of meals 
initiated by sign-trackers and goal-trackers, t (24) =.137, p = .892. This is interpreted as 
no difference in “wanting” between phenotypes for the natural reinforcer (10% 
maltodextrin). 
 
Figure 7: Total number of licks per meal averaged across the last three days of meal 
pattern sessions for both sign-trackers (ST) and goal-trackers (GT).  
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The number of licks per meal (meal size) was averaged across Day 3 through Day 5. 
There was no significant difference in mean total licks between sign-trackers and goal-
trackers t (24) =.526, p = .604. This is also interpreted as no difference in “wanting” 
between phenotypes for the natural reinforcer (10% maltodextrin). 
Study 2 
 
 
Control Diet 
(CON) 
High- fat/ High- 
sugar Diet 
(HFHS) 
                     n=                       28                        30 
Weight (SEM) 576 (5.91)               690 (12.97) 
 
   
 
Table 1: Average weight by diet group to the nearest gram with standard error of mean 
in parentheses 
Independent sample t- test revealed that the weight of rats in the HFHS group were 
significantly higher than the weights of the rats in the CON group (t = 7.796, p = .000). 
 
Figure 8: Distribution of PCA scores across diet group. 
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An Independent samples Kolmogorov- Smirnov Test revealed that the distribution of 
PCA Scores across Day 7 and Day 8 of auto-shaping sessions are not significantly 
different between rats on the CON and HFHS diets, p=.397. Although the average for rats 
in the HFHS group is lower (in the direction of goal-tracking), HFHS rats were not 
statistically more likely to be GT than CON rats. This is interpreted as diet history not 
having an effect on the overall calculated PCA score. Due to this interpretaton, indivdiual 
components of PCA score were examined. 
  
Figure 9: Probability of lever touches (one of three parameters associated with sign-
tracking) between diet groups. 
Rats on the CON diet did not show a significantly greater probability to lever touch than 
rats on the HFHS diet, t (51.35) =1.883, p = .065). This is interpreted as diet history not 
having an effect on this specific approach or “sign-tracking” behavior used to calculate 
total PCA score.  
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Figure 10: Total number of lever touches per session (one of three parameters 
associated with sign-tracking) between diet groups. 
However, rats on the CON diet performed significantly more lever touches than rats on 
the HFHS diet throughout the session, t (35.48) = 2.382, p = .023. This is interpreted as 
rats on the CON diet displaying this specific approach or “sign-tracking” behavior used 
to calculate total PCA score to a greater degree than rats on the HFHS diet.  
  
Figure 11: Average lever touch latency (one of three parameters associated with sign-
tracking) between diet groups. 
Rats on the CON diet also touched the lever at a faster speed than rats on the HFHS diet, t 
(49.92) = 2.243, p = .029. This is interpreted as rats on the CON diet displaying approach 
or “sign-tracking” behavior quicker than rats on the HFHS diet. 
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Figure 12: Head entry probability during CS presentation (one of three parameters 
associated with goal-tracking) between diet groups. 
There were no significant differences in the probability to enter the food trough during 
the CS presentation between rats on the CON and HFHS diets, t (55.74) = .717, p=.477.  
This is interpreted as diet history having no effect on goal-tracking behavior as indicated 
by this specific measured used to calculate PCA score.  
 
 
 
 
Figure 13: Total number of head entries per session during CS presentation (one of 
three parameters associated with goal-tracking) between diet groups. 
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There were no significant differences in the total number of head entries into the food 
trough during the CS presentation between rats on the CON and HFHS diets, t (53.65) = 
.417, p=.678). This is interpreted as diet history having no effect on goal-tracking 
behavior as indicated by this specific measured used to calculate PCA score. 
 
Figure 14:  Average head entry latency during CS presentation (one of three 
parameters associated with goal-tracking) between diet groups. 
There were no significant differences in the latency enter the food trough during the CS 
presentation between rats on the CON and HFHS diets t (55.54) = .703, p=.485). This is 
interpreted as diet history having no effect on goal-tracking behavior as indicated by this 
specific measured used to calculate PCA score. 
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DISCUSSION 
Incentive Salience – “Liking” and “Wanting” 
I hypothesized that no differences between sign-trackers and goal-trackers would 
be seen in a measure of palatability. This was predicted because of the strong link 
between the sign-tracking phenotype and incentive motivation rather than with “liking”. 
However, analysis of the lick-microstructure data revealed that sign-trackers showed 
more licks per cluster (palatability responses) for 10% sucrose as compared to goal-
trackers. This result can be interpreted as greater “liking” for sucrose in sign-trackers as 
compared to goal-trackers. However, no differences were seen in cluster size using 10 % 
maltodextrin. I also hypothesized that sign- trackers would display more “wanting” than 
goal-trackers in tests of meal patterns. I expected this “wanting” to be expressed by 
greater total intake or the initiation of more meals. However, no differences were found 
between sign-trackers and goal-trackers in their “wanting” for 10% MD. differences were 
found between sign-trackers and goal-trackers in their “wanting” for 10% MD. Although 
Clifton and Cooper (1991) used antagonist to find that meal inititation and meal size are 
mediated by D2 family dopmaine receptors, no differences were seen between sign-
trackers and goal-trackers in total intake of 10% MD or in the initiation of meals of 10% 
MD, despite the presumed differences in D2 dopamine receptor densities that has been 
observed in other studies (Flagel et al., 2009).  This means, in the context of the present 
study, that sign-trackers did not display more wanting.  However, this may be because the 
antagonism of receptors is not necessarily functionally or physiologically analogous to a 
decrease in receptor density. Additionally, Shor-Posner et al (1985) conducted studies 
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that implicated hypothalamic norepinephrine as being the brain region and 
neurotransmitter associated with the initiation (under states of food deprivation) and 
maintenance of various parameters of meal patterns. Many studies in the drug literature 
have used progressive ratio tests of motivation to measure “wanting”. The reason for this 
may be because progressive ratio response output is also mediated by mesolimbic 
dopamine. Aberman et al. (1998) conducted a study in which the effects of DA depletions 
on progressive-ratio responding for food reinforcement were assessed. DA depletions 
produced by intra-accumbal injections of 6-OHDA, a neurotoxic compound that destroys 
dopaminergic neurons, showed that DA depletions produced a substantial and persistent 
impairment of progressive ratio response output. Future studies could be conducted using 
this common measure of wanting to note if differences between phenotypes exists in their 
“wanting” for food and food related stimuli exists under normal feeding conditions.  
 It is curious as to why the increased palatability response in sign-trackers was 
observed with sucrose and not maltodextrin. That is, why doesn’t variation in incentive 
salience attribution relate to a global difference in liking for appetitive stimuli? Bonacchi 
et al. (2008) examined whether or not polycose, a soluble maltodextrin solution, as 
compared to sucrose has the ability to condition flavor preferences.  Findings of this 
study indicate that the taste of polycose does not induce flavor preference conditioning as 
well as sucrose does. The authors posit that these substances may differ in their ability to 
cause flavor preference conditioning because they may activate dopamine and/or 
serotonin receptor systems differently (Bonacchi et al., 2008). Thus, it is possible that 
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differences exist between sucrose and maltodextrin reward and this may account for the 
results found in this experiment.  
However, the finding that sign- trackers liked sucrose more than goal-trackers was 
altogether unexpected. Findings from the Wyvell and Berridge (2000) experiment 
challenges results in the present study. Although this study did not explicitly examine the 
palatability responses of sign-trackers, results from this study show that the neural region 
that underlies the motivation or “wanting” for sucrose, independently affects “liking” for 
sucrose. Therefore, because sign-tracking is thought of as the phenotype that displays 
greater “wanting” for reward related stimuli, it is surprising that the present study 
observed a relationship between sign-tracking and liking. It is possible that researchers 
would have observed “liking” at the same amphetamine doses that produced “wanting” if 
they used a more sensitive measure of palatability like lick-microstructure.  
Similarly, and perhaps more directly related,  is the study conducted by Robinson 
et al. (2015) in which used taste reactivity was used to measure hedonic sensitivity three 
concentrations of sucrose (1%, 3%, 9% w/vol) prior to 1 month junk food diet exposure. 
Results show that prior to being placed on the junk food diet, all rats’ demonstrated 
sensitivity to detect the varying concentrations for sucrose.  That is, positive hedonic 
reactions or “liking” for sucrose increased as the concentrations of sucrose increased for 
both pre-JF gainers and pre-JF- non-gainers. Results of this study also show that rats that 
became JF gainers were significantly more likely to engage in approach behavior to both 
the cue (sign-tracking) and the food cup (goal-tracking) prior to diet exposure. Thus, 
sign-trackers and goal-trackers did not differ in their “liking” for sucrose. This differs 
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from the finding in the present study that shows greater liking for sucrose in sign-trackers 
but not goal-trackers.  
Due, to the limited animal research that measures “liking” for appetitive stimuli 
under the sign-tracking/ goal-tracking paradigm using Sprague-Dawley rats and in the 
absence of drugs, it is difficult to make direct comparisons and thoroughly interpret the 
results of the present study in the context of the literature. However, the comparison of 
results from both Robinson et al. (2015) and Wyvell and Berridge (2000) and the present 
study may support the notion that lick microstructure is a more sensitive measure of 
palatability than taste reactivity (refer to Dwyer, 2012 citation).   
A novel interpretation of the finding that sign-trackers show greater liking for 
sucrose is that because sign-tracking is characterized by enhanced attention to reward- 
related stimuli; it may lead to increased palatability. That is, the ability to focus on the 
sucrose while consuming it may enhance the over- all experience and subsequently cause 
a perceived enhancement of taste. It is possible that sign-tracking isn’t simply associated 
with greater “liking” but is associated with the general amplification of experiences. An 
experimental test of this hypothesis would be to examine palatability in sign-trackers in 
response to a sucrose solution adulterated with an aversive taste such as quinine. If sign- 
trackers are more likely to reject this stimulus then this could be interpreted as consistent 
with my hypothesis.  However, it is possible that the results of the study conducted by 
Wyvell and Berridge (2000) already support this hypothesis. That is, palatability in taste 
reactivity is not the same as the full phenomenon of palatability considering prescribed 
amounts of a given tastant are given intra-orally (Berridge, 1996). Perhaps, the absence of 
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“liking” observed in this study may reflect the rat’s inability to fully experience the 
sucrose. Hong et al. (2014) conducted a study in which participants engaged in a practice 
referred to as “mindfulness” prior to a food sampling task. During this exercise, 
participants listened to an audio CD that instructed them to eat a raisin while being fully 
aware of their senses and the properties of the raisin. Later, participants sampled foods 
and were asked to rate their enjoyment on a 7- point scale. Results showed that 
participants that were primed with the “mindful raisin eating” task rated sampled foods as 
more enjoyable than participants who did a control task.  This suggests that increased 
attention and awareness not only increases enjoyment while consuming food (Hong et al., 
2011) but can generalize to other food beyond initial consumption (Hong et al., 2014).  
Robinson et al. (2015) showed that initial liking for sucrose had no predictive 
relationship for future weight gain. My results show that sign-trackers like 10% sucrose 
more than goal-trackers. During the 30-min lick microstructure sessions, sign-trackers 
rats did not consume more of the sucrose than goal-trackers. However, it is unknown 
whether or not sign-trackers would consume more sucrose in the long term, leading to 
subsequent diet- induced obesity (DIO), as my meal pattern experiments only used 10% 
maltodextrin as the test solution. Determining whether or not sign-trackers consume more 
sucrose during meals is interesting on its own despite discordant data in the literature 
regarding the effect of sucrose consumption on weight gain.  While Kanarek and Orther-
Gambell (1982) and Levin (1997) suggest that increased sugar consumption may lead to 
increased weight gain, this is not a consistent finding in the literature. Previous research 
shows that neither the over consumption of sugar (Avena et al., 2008) or fat (Corwin et 
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al. 1998) alone leads to changes in body weight or body- fat accrual. However, Avena et 
al. (2009) noted that binge eating protocols that incorporate both fat and sugar result in 
increased body weight. Thus, to investigate the notion of sign-tracking being a pre-
existing risk factor for obesity, it might be interesting to examine palatability responses 
and meal patterns to sweet-fat nutritionally complete diet. The present study already 
revealed that sign-trackers find sucrose more palatable. However, sugars and fats have 
been shown to have differential effects on brain reward circuitry (Avena et al., 2009). 
Therefore, examining liking for a substance that has the potential to induce obesity may 
be a future direction for this research.   
Despite the fact that direct inferences cannot be made about obesity from the 
sucrose finding, the present study is the first to find that sign-tracking is associated with 
greater “liking” for sucrose using lick-microstructure and suggests that lick 
microstructure is influenced by both liking and wanting processes. These finding suggest 
that the view of cluster size as a strict measure of “liking” for a substance should be re-
evaluated.   
Incentive Salience in Diet-Induced Obesity  
It was hypothesized that HFHS rats would display more sign-tracking or 
“approach” behaviors as compared to rats on the CON diet.  The initial analysis of the 
PCA data showed that the distribution of PCA scores did not differ significantly different 
across diets. Therefore, I decided to examine the six individual components of the PCA 
score (probability to touch, total touches, latency to touch, probability of head entry, total 
head entries and head entry latency) to make assessments about how the groups behaved 
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purely in terms of sign -tracking and goal-tracking rather than examining a combination 
of these behaviors. The results of the study show that rats on a HFHS diet engage in sign-
tracking behavior to a lesser degree than rats on a CON diet. These results suggest that 
the obese state has an effect on incentive salience attribution to food-associated cues.   
Additional analyses of the data in the present study reveal that greater percent 
gain was correlated with less total head entries, longer latency of head entry and less 
probability of head entry. Data also reveal that rats in the HFHS group gained 
significantly more weight as a percentage of their original weight than rats in the CON 
group. Therefore data in the present study suggest that HFHS rats showed a depression of 
goal-tracking behavior, in addition to a depression of sign-tracking behavior. Kanoski et 
al. (2011) suggests that increased intake of Western diet, which is high in both fat and 
sugar, is associated with cognitive deficits in learning memory. Thus, because the 
expression of both sign-tracking and goal-tracking behavior depends on the ability to 
learn the relationship between the CS and US and both sign-tracking and goal-tracking 
behaviors were depressed in obese rats, it is a possible that the lack of approach to the CS 
from HFHS is due to a learning deficit. 
Another possible reason for a lack of an approach bias may be due to the fact that 
the obese state results in limitations of energy expenditure. Bullen et al. (1964) reported 
that obese individuals are less active than slender ones. That is, obesity may make 
physical activity more difficult and, presumably, less pleasurable (Rhodin, 1981).  Davis 
et al. (2008) conducted a study in Sprague- Dawley rats that showed decreased operant 
responding in obese animals fed a high fat diet for 12 weeks. Obese rats exhibited less 
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operant responding for sucrose, under various reinforcement schedules, as compared to 
diet resistant control rats. These data suggest that obesity is capable of decreasing the 
motivation to acquire a sucrose reward. Therefore, because rats on the HFHS diet showed 
a depression of both sign-tracking and goal-tracking behaviors, the present study suggests 
that the motivational salience of environmental cues that predict food reward, in addition 
to motivation for the reward itself, may also be attenuated by the obese state.  However, 
Robinson et al. (2015) showed that obese rats (JF gainers) placed on a junk food diet for 
4 weeks were willing to work harder than JF-non gainers which was demonstrated by 
more active nose poke activity during tests of conditioned reinforcement. Differences in 
the findings between the Robinson et al. (2015) study from the study conducted by Davis 
et al. (2008) and the present study may be attributed to the amount of time the rats were 
places on the respective diets (Tracy et al., 2015). Tracy et al. (2015) showed food 
motivation decreases as time spent on an obesogenic diet increases and suppression of 
responding for a sucrose reinforcer was only shown after 6 weeks of exposure to a high 
fat diet. Thus, because rats in the Robinson et al. (2015) study were placed on a junk food 
diet for a period of 4 weeks and rats in the Davis et al. (2008) study and the present study 
were placed on obesogenic diets for 12 weeks and 18 weeks, respectively, these findings 
are consistent with Tracy et al. (2015) and highlight the importance of diet length for 
future studies examining the effect of DIO on food motivation. These data demonstrate a 
critical period for the onset of specific behavioral changes associated with the obese state.  
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Conclusion 
  In conclusion, my study was the first to reveal an association between sign-
tracking and “liking” using lick-microstructure. The majority of experiments attempting 
to elucidate factors that contribute to obesity are conducted in already obese individuals. 
Therefore, my study adds to this small literature and suggests that sign-tracking merits 
further investigation as a possible factor that may contribute to the development of this 
condition. Further, the data in the present study show that obese rats are less likely to 
display sign-tracking behavior or an “approach” bias as compared to control rats. 
Together my results suggest that although a sign-tracking propensity may precede the 
obese state, the obese state is not characterized by sign-tracking. Thus —as this research 
arose from the drug addiction literature— it is possible that, like in drug addiction, the 
factors that precipitate obesity are not the same factors that maintain it. 
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